I. Introduction
High current heavy ion beams are being actively studied as potential drivers for inertial confinement fusion. Such high current nonneutral beams are subject to coherent and incoherent, transverse and longitudinal, collective instabilities arising from the beam space charge (self-force) and its interaction with the environment (external impedances, cavities etc.). In this paper, we study the growing coherent transverse motion of a high current (-kA) heavy ion beam due to an oscillatory transverse mode ( analoaousto TM110 mode of a pill-box cavity) excited by the beam in the accelerating modules. The subject has been studied extensively in ,onnection with electron linacs by several authors (1) (2) (3) (4) (5) , who computed the upper limit of transportable total charge set by the growth of beam breakup amplitude. However no such study has been reported for heavy ion beams transported by induction linacs.
II. Model For Transport
Our theoretical model of transport is a semi-infinite series of identical accelerating induction modules with identical focussing elements between them (see Fig. 1 (e) The rate of amplitude growth is small compared to A.
III. Induction Module Response
An induction linac module differs drastically from an r.f. cavity in its response to excitation by a particle beam. There is no accelerating mode as such (6) ; the longitudinal interaction of beam and module is best represented by an equivalent circuit involving the external drive, corresponding typically to a frequency of a few megacycles and strongly overdamped by the low drive-impedance. For the asymmetric modes of interest to the beam breakup phenomenon, the module looks like a pill-box with conducting end walls and a lossy outer wall traversed longitudinally by one or more conducting straps. Accordingly, we take as a model the excitation of the TM11O mode of a pill-box cavity with a radius of about half a meter and a Q of about 10. 
IV. Equation of Motion and Solution in Closed Form
In the approximation that both focussing and the impulses from the modules can be replaced by their average values (smooth approximation), the transverse displacement is then determined by an integro-differential equation: (5) Using (4), (5) and (2) where JO and Io are zero-order Bessel and modified Bessel functions respectively. We note that in the limit of no focussing at all (wX = 0), we have:
so that the absolute square of the slowly varying amplitude grows as: With these parameters, we find that the transverse beam breakup amplitude is damped for z < 540 km for Case a with 3 kA current and z < 180km for Case B with 10 kA current. These distances are much larger than the length of about 10 kms. visualized for Inertial Confinement Fusion drivers. Beyond these distances, the magnitude of maximum amplitude grows with distance down the machine as Conversely, for a 10 km. long machine, the beam breakup amplitude starts becoming significant when the product (QI) is about 1850 kA. For a Q of about 10 as in Table I , this implies no growth of tranvserse amplitude upto a current of 185 kA. For a beam carrying about 10 kA current, as envisaged in typical ICF drivers, we would need a Q of at least 200 for transverse oscillations to start to grow.
VI. Conclusion
As is evident from the estimates above, the damping due to the low-Q, heavily loaded induction modules is dominant over the cumulative buildup of the beam breakup mode and prevents growth of transverse oscillation amplitude for large distances of the order of hundreds of kilometers or equivalently up to high currents of hundreds of kiloamperes! For an accelerated beam, the total pulse duration is usually much shorter than the time at which maximum growth occurs for very large distances. We conclude that high current heavy ion beams in induction linacs are safe against the beam breakup mode in general. However, induction modules driven asymmetrically in azimuth, could be dangerous for beam transport against the beam breakup mode, since the beam would have no equilibrium orbit at all in such a case.
